





Development of non-contact atomic force microscopy with a retuned fork force sensor based on 
a quartz tuning fork 
 






The combined non-contact atomic force microscopy (NC-AFM)/scanning tunneling 
microscopy (STM) is a powerful tool to analyze the local density of state of electron on a 
sample surface and discuss the local property of the nano-scale structures. We proposed to 
detect sensitively the energy dissipation as well as interaction and/or tunneling current between 
an oscillating tip and a sample surface by using NC-AFM/STM. In the aim of high-sensitive 
measurement of interaction force and energy dissipation, we developed a retuned fork force 
(RTF) sensor which has a high Q-value as a force sensor for NC-AFM, and built the UHV 
NC-AFM/STM system suitable to use the RTF sensor. 
In this thesis, we expounded the features of our home-built UHV NC-AFM/STM 
system, the noise reduction of the signal detection system and the performance of the RTF 
sensor. The RTF sensor is the two-prong type force sensor made with a quartz tuning fork. In 
order to apply the quartz tuning fork to the force sensor for NC-AFM, a tip has to be attached at 
the end of the prong. In order to cancel the imbalance due to the tip attachment, we re-tuned the 
resonance frequency of the tip attached prong to that of the other intact prong. Because of this 
fabrication method, a high Q-value led a resonant state of two prongs is obtained. 
After the optimization of the RTF sensor and signal detection system, we showed the 
result of UHV NC-AFM/STM observation on Si(111)7x7 reconstruct surface. Atomic resolution 
force, tunneling current and energy dissipation measurement with the RTF sensor was 
demonstrated. We propose that the RTF sensor is feasible for the high sensitivity force, current 

























































































































































第 5章では、RTF センサーを用いた Si(111)7x7 再構成表面の UHV NC-AFM/STM 計測
の結果について説明する。まず、試料として使用する Si(111)7x7 再構成表面について説




























観察条件は、𝑓0 = 37190 Hz、𝑄 = 15000、 
∆𝑓 = −30 Hz、𝐴 = 210 pm、𝑉𝑠 = +400 mV、







第 7章では、2015 年にレーゲンスブルク大学で行った、qPlus センサーを用いたイオ
ン性結晶の大気中 FM-AFM 計測についての説明を追記した。 
2013年に FM-AFM を用いた KBr(100)表面の大気中原子分解能観察が報告された。こ
の報告の中で、大気中計測の場合 FM-AFM の観察像の S/Nが強い振幅依存性を持ち、
KBr(100)表面で働く近距離力の減衰長 75pmと同程度の振幅で最大の S/Nが得られるが、






図 6は、異なる振動振幅で Bimodal 計測
を行い取得した、KBr(100)表面の高さ一
定モード観察像である。それぞれの計測
の振幅設定値は(a,b) A1st = A2nd = 75 pm 
(c,d) A1st = A2nd = 53 pm (e,f) A1st = A2nd 
= 40 pm。この計測では、A1st = A2nd = 50 
pm 程度まで振幅を小さくすると原子
像が得られはじめた。また、A1st = A2nd 
= 40 pmの計測が最も良い S/Nを示し
た。また、一つの共振モードのみを加
振した場合は𝐴 ≈ 75 pmで最も良い
S/N が得られた。このことから、大気









図 6 異なる振幅設定で取得した KBr 
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